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LATERAL PLATE SURFACE COOLED HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to surface cooled heat exchangers used for 
cooling fluid. 

[0002] Surface cooled heat exchangers are often used in applications where the 
height clearance for a heat exchanger is quite low, for example, slush box engine 
coolant coolers in snowmobiles, and under-body mounted fuel coolers in automotive 
applications. One style of known surface cooled heat exchangers are extrusion formed 
devices that include fins integrally extruded with top and bottom walls that are 
connected along opposite sides to define a cavity that is welded shut at opposite ends 
after extrusion to provide a fluid cooling container. An example of such a heat 
exchanger for use as a rear cooler on a snowmobile can be seen in U.S. Patent no. 
6,109,217 issued August 29, 2000. In extrusion formed coolers, the extrusion process 
makes it difficult to include fluid circuiting baffles or turbulizers within the cavity. 
[0003] Known low profile surface cooled heat exchangers can be heavy and can 
be relatively expensive to manufacture. Thus, there is a need for a surface cooled heat 
exchanger that is relatively light-weight and relatively cost efficient to manufacture. Also 
desired is a surface cooled heat exchanger that can be manufactured in a range of sizes 
with little tooling changes, and in which flow circuiting can be easily incorporated. 

qi i mmary OF THE INVENTION 

[0^04] According to one aspect of the invention, there is provided a surface 
cooled heat exchanger that includes a stack of elongate plate pairs, each plate pair 
including first and second plates having elongate central portions surrounded by 
sealably joined edge portions with a fluid passage defined between the central portions; 
each plate pair having spaced apart inlet and outlet openings that are connected 
together for the flow of fluid through the fluid passages; each plate pair having an 
exposed fin plate extending peripherally outward from the joined edge portions along a 
length of the plate pair. Each fin plate preferably has a varying profile along a length 
thereof. 

[0005] According to another aspect of the invention, there is provided a cooler for 
cooling snowmobile engine coolant. The cooler includes a stack of elongate plate pairs, 
each plate pair including first and second plates that are joined together to define an 



1 



elongate sealed internal passage for the engine coolant having spaced apart inlet and 
outlet openings, each plate pair including an enlarged exposed fin plate portion located 
adjacent a substantial length of the internal passage for receiving materials flung by a 
drive track of the snowmobile, and mounting bracket means connected to the stack of 
plate pairs for securing the stack to the snowmobile. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Preferred embodiments of the present invention will be described, by way 
of example with reference to the following drawings. 

[0007] Figure 1 is a perspective view of a plate pair heat exchanger according to 
embodiments of the invention. 

[0008] Figure 2 is a top plan view if the heat exchanger of Figurel . 

[0009] Figure 3 is a diagrammatic illustration of a snowmobile having a heat 

exchanger according to the present invention. 

[001 0] Figure 4 is a side elevation of a single plate pair of the heat exchanger of 
Figurel. 

[001 1] Figure 5A is a sectional view of the plate pair, taken along lines V-V of 
Figure 4. 

[0012] Figure 5B is a sectional view of an alternative embodiment of the plate 
pair. 

[001 3] Figures 6A-6D are partial perspective views of plate pairs of the heat 
exchanger showing alternative forms of edge enhancements. 
[0014] Figure 7 is a side elevation of a single plate pair according to a further 
embodiment of the invention. 

[001 5] Figure 8 is a sectional view of the plate pair of Figure 7, taken along lines 
VIII-VIII of Figure 7. 

[001 6] Figure 9 is a bottom view of a heat exchanger according to another 
embodiment of the invention. 

[0017] Figure 1 0 is a side elevation of a plate pair of the heat exchanger of Figure 
9. 

[0018] Figure 1 1 is a sectional view of the plate pair, taken along line XI-XI of 
Figure 10. 
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[0019] Figure 12 is a further sectional view, taken along the line XII-XII of Figure 
10. 

[0020] Figure 1 3 is an end view of a heat exchanger according to a further 
embodiment of the invention. 

[0021] Figure 14 is a perspective view of the heat exchanger of Figure 1 3. 
[0022] Figure 1 5 is a side view of a heat exchanger according to yet another 
embodiment of the invention. 

[0023] Figure 1 6 is a top plan view of an alternative embodiment of the heat 
exchanger of Figure 1 . 

[0024] Figure 1 7 is a top plan view of a further alternative embodiment of the heat 
exchanger of Figure 1 . 

DESCRIPTION OF THE PRFFERRED EMBODIMENT S 
[0025] Referring to Figure 1 , a heat exchanger according to preferred 
embodiments of the invention is indicated generally by reference numeral 10. Heat 
exchanger 10 is formed from a plurality of parallel plate pairs 12, which are sandwiched 
between first and second end support plates 14, 16. The end support plates 14, 16, as 
shown, are L-shaped with horizontal mounting flanges 18, 20, each of which has a 
plurality of mounting holes 22 formed therethrough for mounting the heat exchanger 10 
in a desired location. First and second end support plates 14, 16 may be omitted, 
altered or replaced with other suitable arrangements for mounting heat exchanger 10. 
[0026] Referring to Figure 2, plate pairs 12 each define an internal elongate fluid 
passage 24 that extends from substantially a first end to a second end of the plate pair 
12. Each plate pair 12 includes inlet and outlet openings at opposite ends thereof in flow 
communication with the fluid passage 24, with the inlet openings being aligned across 
the width of the heat exchanger to form an inlet manifold (shown in phantom in Figure 2, 
and indicated by reference numeral 25) in communication with an inlet fitting 26, and the 
outlet openings being aligned to form an outlet manifold (shown in phantom in Figure 2, 
and indicated by reference numeral 27) in flow communication with an outlet fitting 28. 
[0027] In one preferred embodiment, the heat exchanger 10 is used as a 
snowmobile cooler for cooling the liquid coolant used to cool the snowmobile engine. 
With reference to Figure 3, in such a configuration, one or more heat exchangers 10 are 
mounted between the chassis and drive track 32 of a snowmobile 30. Engine coolant 
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entering through inlet fitting 26 and exiting through outlet fitting 28 is cooled by slush, 
snow, ice, and water that is flung from the drive track 32 onto the heat exchanger 1 0. 
Embodiments of the heat exchanger may also be used in other applications, such as an 
underbody fuel cooler for a wheeled vehicle, for example. 

[0028] With reference to Figures 4 and 5, the plate pairs 1 2 will now be described 
in greater detail. Each plate pair 12 is made up of a first plate 34 and a second plate 36. 
The first plate 34 includes an elongate central planar portion 38 that is surrounded by a 
peripheral edge portion 40. The second plate 36 includes an elongate central planar 
portion 42, which is also surrounded by an edge portion 44, which in turn is surrounded 
by an integral, peripherally extending flange 45. The peripherally extending flange 45 
includes a substantially planar, fin plate portion 46 that extends outward from one 
elongate side of the edge portion 44, providing an enlarged exposed air-side heat 
exchange surface. According to embodiments of the present invention, edge 
enhancements, which may be slots 56, are provided intermittently along the fin plate 46, 
providing the fin plate with a varying profile along its length. Such edge enhancements 
may augment heat transfer or external fluid draining. Although rectangular, open-ended 
slots 56 are shown in Figures 1 and 4. slots 56 could take other shapes, and may be set 
in from the lower edge such that they are closed-ended. 

[0029] First and second plates 34 and 36 are placed together and sealably 
connected about edge portions 40, 44 to form plate pair 12 in which the fluid passage 24 
is defined between spaced apart planar central portions 38, 42. Openings 50, 52 that 
are in communication with fluid passage 24 are provided through the end areas of 
planar central portions 38, 42 (Such openings may be omitted from the final plate 46 in 
the stack). When plate pairs 12 are stacked together to form heat exchanger 10, all of 
the openings 50 are in registration and communicate with inlet fitting 26 (thereby forming 
inlet manifold 25), and all of the openings 52 are in registration and communicate with 
outlet fitting 28 (thereby forming outlet manifold 27). In such a configuration all of the 
fluid passing internally through the heat exchanger fluid passages 24 flows in parallel 
through plate pairs 1 2. However, it will be appreciated that some of the openings 50, 52 
in selected plates could be omitted or otherwise blocked so that fluid could be made to 
flow in series through each of the plate pairs 1 2, or in some series/parallel multi-pass 
combination. In a multi-pass configuration, the locations of at least one of the inlet and 
outlet fittings 26,28 may have to be varied from that shown in Figures 1 and 2 - for 
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example, the outlet fitting may be at the same end, but at the opposite side of heat 
exchanger than the inlet fitting. The locations and types of inlet and outlet fittings shown 
in the Figures are exemplary only and not relevant to the broader aspects of the 
invention. 

[0030] With reference to Figure 5A, in a preferred embodiment, a lateral locating 
wall 54 integrally connects the edge portion 44 of plate 36 with the flange portion 45 
thereof, forming a pocket in plate 36 within which the edge portion 40 of first plate 34 is 
nested. Such a feature provides a self-locating and self aligning function during 
assembly of the plate pairs 1 2. Figure 5B shows a sectional view of an alternative 
embodiment in which the locating wall 54 and flange portion 45 are only provided along 
with fin side of the plate pair 12. In some embodiments, the step wall 54 may be omitted 
completely. 

[0031] Referring to Figures 1 and 2, in the illustrated embodiment, the heat 
exchanger 10 includes two end plate pairs 12, and a plurality of intermediate plate pairs 
12 all of which are arranged parallel to each other. The end plate pairs each abut on 
one side thereof with a respective intermediate plate pair, and the intermediate pairs are 
each sandwiched on both sides by other plate pairs. For each of the intermediate plate 
pairs, the planar central portion 38 of the first plate 34 of one plate pair 12 abuts against 
the planar central portion 42 of the second plate 36 of an adjacent plate pair 1 2. Fin 
plate portions 46 are spaced apart from each other such that ice, snow, air, slush, water 
and other materials can be thrown up on and in between the fin plate portions 46 by 
snowmobile drive track 32. In some embodiments, it may be desirable to have a heat 
exchanger in which the planar central portions of adjacent plate pairs are spaced apart 
from each other, to allow cooling materials or fluids to get between the different plate 
pairs. In such configurations, spacers 140 (see Figure 16) can be used between the 
plate pairs 12, or integrally formed outwardly extending bosses 142 (see Figure 17) can 
be provided in the plates 34, 36 around openings 50, 52 to provide a desired spacing 
144 between adjacent plate pairs. 

[0032] The enhancements that are provided along the lower portion of fin plate 
portion 46 could include further enhancements in addition to or in place of slots 56. For 
example, Figures 6A-6D show examples of plate pairs 12 in which different types of 
enhancements are provided on fin plate portion 46. In the fin plate 12 of Figure 6A, 
louvered slots 58 are provided along the bottom edge portion of fin plate portion 46. In 
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Figure 6B, expanded convolutions 60 are provided along the length of fin plate portion 
46 at spaced intervals. In Figure 6C, the fin plate portion 46 is rippled or corrugated 
along its length. In Figure 6D, stamped openings 64 are provided along the length of fin 
plate portion 46. Although the stamped openings 64 are shown as circular, they could 
be other shapes for example, rectangular. Different types of enhancements could be 
used along the same fin plate portion - for example, slots 56, louvered slots 58, 
convolutions 60 and circular openings 64 could each be located at spaced intervals 
along the same fin plate portion 46. Additionally, the edge enhancements used on the 
different plate pairs throughout the heat exchanger stack could be varied from plate pair 
to plate pair. In addition to providing improved heat transfer in some applications, the 
edge enhancements may also increase the strength of the fin plate portions 46 of the 
plate pairs 12. The size of the fin plate portion and the edge enhancement applied 
thereto can be chosen to give predetermined or desired heat exchange and strength 
characteristics to the heat exchanger. 

[0033] In some embodiments, the plate pairs could be formed from identical or 
substantially identical plates. By way of example, Figures 7 and 8 show an embodiment 
of a plate pair 70 that could be used in heat exchanger 10 in place of plate pair 12. The 
plate pair 70 is formed from two substantially identical plates 72, 74. Each plate 72, 74 
includes an elongate central planar portion 76 that is surrounded by a peripheral edge 
portion 78. The part of peripheral edge portion 78 that is along an elongate side of the 
central planar portion 76 is enlarged to provide a lower fin plate 80. The plates 72, 74 
are sealably joined about peripheral edge portions 78, with central planar portions 76 
being spaced apart and defining flow passage 24 therebetween. The planar fin plates 80 
of each of the plates 72, 74 have parallel abutting surfaces, and may have edge 
enhancements such as slots 56 provided along their respective lengths. Alternative 
edge enhancements such as those described above in respect of Figures 6A-6D could 
also be used. 

[0034] Various flow augmentation devices that are known in the art of plate pair 
type heat exchangers could be used in the flow passages of the plate pairs of the 
present invention to improve heat transfer and strengthen the heat exchanger structure. 
By way of example, and elongate turbulizer 82 (Figure 8) including rows of expanded 
convolutions could extend the length of flow passage 24. Alternatively, ribs such as 
those shown in U.S. Patent No. 5,692,559 issued December 2, 1997 could be provided 



6 



along the walls that define the flow passage 24. Dimples along the flow passage 24 
walls could also be used to augment flow. 

[0035] With reference to Figures 9 through 12, another embodiment of a heat 
exchanger, indicated generally by reference 100 in Figure 9, is shown. Figure 9 shows a 
bottom view of heat exchanger 100, which is similar in construction and operation to 
heat exchanger 10, except for the differences in plate pair configuration discussed as 
follows. The heat exchanger 100 is formed from a stack of plate pairs 102, which are 
sandwiched between end brackets 14, 16. Each plate pair 102 is formed from two 
substantially identical plates 104, 106, each of which has an elongate, substantially 
planar central portion 108 that is surrounded by an edge portion 1 1 0. The edge portions 
1 1 0 of the plates 1 04, 1 06 are sealably joined together, with central planar portions 1 08 
being spaced apart and defining an elongate internal fluid passage 24 that extends from 
an inlet opening 50 to an outlet opening 52. An integral fin plate 112 extends 
downwardly from the bottom of edge portion 1 10 of each plate 104,106. The fin plate 
1 12 has a series of half-hex patterns stamped along its length, such that when the fin 
plates 1 12 are assembled into plate pairs 102 and the plate pairs are stacked to form 
the heat exchanger core, the fin plates 1 12 form a hexagonal honeycomb-like pattern as 
best seen in the bottom view of Figure 9. 

[0036] In particular, each fin plate 112 includes planar inner wall portions 114 that 
are interspaced by outwardly offset outer wall portions 116. The outer wall portions 1 16 
(see Figure 9) are each joined at opposite, upwardly extending side edges to inner wall 
portions 114 by angled connecting wall portions 118. In one embodiment, outer wall 
portions 1 16 have an outer surface that is in the same plane as an outer surface of the 
central planar portion 108 such that when the plate pairs 102 are stacked together, the 
central planar portions 1 08 of the adjacent plates of adjacent plate pairs abut against 
each other, and the outer wall portions 1 16 of the adjacent plates of adjacent plate pairs 
also abut against each other. As can be seen in Figure 9, internal plate pair hexagonal 
cells 1 22 are defined by the outer and connecting walls 1 1 6 and 1 1 8 of the plates 1 04 
and 106 of a plate pair 102, and intra-plate pair hexagonal cells 124 are formed by the 
inner and connecting walls 1 14 and 1 18 of the plate 106 from one plate pair 102 and the 
inner and connecting walls 1 14 and 1 18 of the plate 104 from an abutting plate pair 102. 
Such a configuration provides structural strength and a relatively large external air side 
surface area for heat transfer. Although shown in a honeycomb pattern in the illustrated 
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embodiment, other configurations could also be used, for example, the fin plate could 
have a sinusoidal shape, with the peaks of the sinusoidal curve of one fin plate from one 
plate pair engaging the peak of the sinusoidal curve of a fin plate from an adjacent plate 
pair. Other multi-sided structures could also be formed by the fin plates. 
[0037] In some embodiments, the heat exchanger may be angled or curved to 
allow the heat exchanger to fit within a restricted space, or to improve heat exchanger 
efficiency. By way of example, Figures 13 and 14 show a heat exchanger 200, which is 
similar to heat exchanger 10 except that the heat exchanger 200 is arcuately bent about 
an axis parallel to the direction of internal fluid flow through the plate pairs 12. In one 
embodiment, heat exchanger 10 is bent after it has been brazed in order to form heat 
exchanger 200, which is curved to allow it to conform to the underbody of the 
snowmobile chassis or a vehicle underbody. In some embodiments, the heat exchanger 
may be angled or curved other than as shown in Figures 1 3 and 14, for example, the 
heat exchanger may be angled or curved along its longitudinal length, as shown in 
Figure 15. 

[0038] The plates used in the plate pairs of the present invention may be stamped 
from braze-clad roll formed aluminum or aluminum alloy. However other suitable 
metallic and non-metallic materials formed using various methods such as stamping, roll 
forming, molding, etc. could be used as desired for specific heat exchanger applications. 
In some embodiments, an epoxy or TEFLON ™ or other coating may be provided on the 
heat exchanger to reduce the adherence of snow or ice or other debris to the outer 
surfaces of the heat exchanger. Similarly, corrosion inhibiting coatings could also be 
applied to the heat exchanger in some embodiments. 

[0039] As will be apparent to those skilled in the art, many alterations and 
modifications are possible in the practice of this invention without departing from the 
spirit or scope thereof. Accordingly, the scope of the invention is to be construed in 
accordance with the substance defined by the following claims. 
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